Hereditary hemochromatosis is one of the most common autosomal recessive diseases; it is characterized by excess absorption of iron. Clinically, the major challenge is to diagnose increased iron deposition before irreversible tissue damage has occurred. C282Y and H63D are the main mutations related to hereditary hemochromatosis; these mutations have been reported to be associated with increased risk of developing diabetes mellitus type 2 (DM2). We investigated whether these mutations are associated with increased risk for the development of DM2 in women in Brazil. Seventy-two women with clinical diagnosis of DM2 under treatment with hypoglycemic agents and a control group composed of 72 women with no clinical history of diabetes were studied. The C282Y and H63D mutations were determined by PCR-RFLP. Significant differences were not observed for C282Y and H63D, when we compared diabetic and non-diabetic women. We suggest that mutations C282Y and H63D in the HFE 
ABSTRACT.
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INTRODUCTION
Hereditary hemochromatosis (HH) is one of the most common autosomal recessive inherited diseases and is characterized by excess absorption of iron through the intestine (Jacobs et al., 2007) . The initial symptoms are nonspecific, but in advanced stages diabetes mellitus, hypogonadism and other endocrinopathies, cardiomyopathies, cirrhosis, and even predisposition to liver cancer may be observed (Habeos et al., 2003) .
Clinically, the major challenge is to diagnose increased iron deposition before the occurrence of irreversible damages in the tissues and at the same time to distinguish HH from other clinical alterations that may raise iron levels, such as metabolic syndrome. Early diagnosis and therapeutic phlebotomy can prevent the development of tissue damage, increasing the survival of the patients. However, some symptoms persist after therapy has been introduced, such as arthropathies (Janssen, 2007) .
A predominance of the disease in males, with a ratio of 3:1 usually observed, may be explained because women benefit from the protective effect of menstruation, events in which the plasma concentration of iron is reduced periodically through physiological loss of blood, and pregnancy, regard to tissue growth demands (Pietrangelo, 2004; Scotet et al., 2005) .
The development of HH is more frequently related to the HFE gene, located in the short arm of chromosome 6. This gene codes for the HFE protein, which is located on the cell surface of duodenal crypts where it is associated with b2-microglobulin and transferrin. The presence of mutations in this gene decreases the connection of the protein to the transferrin receptor by modifying the conformation of the HFE protein, leading to a lesser capture of iron by transferrin and greater absorption and deposit of iron in the body (Bittencourt et al., 2002) . C282Y is the main mutation related to HH, present in 83% of patients who show the genotype YY (mutation in homozygosity), although its prevalence significantly varies in different ethnic groups (Beutler et al., 1996; Carella et al., 1997; Anonymous, 1997; Pietrangelo et al., 1999; Camaschella et al., 2000; Jacobs et al., 2007) . This mutation consists of the substitution of a guanine (G) by an adenine (A) at nucleotide 845, which leads to an exchange of the amino acid cysteine (C) by tyrosine (Y) at position 282.
The second variant, H63D, consists of the substitution of a cytosine (C) by a guanine (G) at nucleotide 187, which results in the exchange of histidine (H) by aspartic acid (D) at position 63; it seems to act synergistically with the C282Y mutation, since there is a linkage disequilibrium between the two mutations (Feder et al., 1996; Halsall et al., 2003) . Few studies have been carried out in Brazil to determine the frequency of these mutations in individuals with clinical suspicion of HH. Ferreira et al. (2008 Ferreira et al. ( ), evaluating 1955 Brazilian individuals with clinical suspicion of HH, observed that the C282Y mutation was present in homozygosity in only 2.9% and in heterozygosity in 10.1% of the subjects. The H63D mutation was found in 4.3% of the patients in homozygosity and 30.6% in heterozygosity. Combined heterozygous (C282Y/H63D) was observed in 3% of the patients. However, among these patients there were also other risk factors that could better explain the suspicious symptoms such as alcoholism, viruses and other hepatic diseases. Moreover, individuals from the same family and carriers of these mutations displayed different HH clinical manifestations. Altogether, these data suggest that these mutations show low penetrance in the studied population (Janssen, 2007) .
A particular group of patients with HH consists of individuals who are heterozygotes for both C282Y and H63D mutations. These individuals have an increased risk for excess iron absorption, but in a less severe form compared to those homozygous for C282Y (Janssen, 2007) .
Diabetes mellitus type 2 (DM2) develops in about 20 to 50% of the patients with HH (Niederau et al., 1985; Adams et al., 1991; Fargion et al., 1992; Moczulski et al., 2001) , and the presence of the C282Y mutation in the heterozygous form seems to be associated with increased risk for developing DM (Nelson et al., 1995) . Although the penetrance of these mutations is low and even though the importance of the isolated H63D mutation on the development of HH is still controversial, it is known that the presence of these alterations may negatively influence insulin synthesis and secretion due to the accumulation of iron in the pancreas, an event that can precede the clinical manifestations of the HH (Niederau et al., 1984; Felber et al., 1987; Merkel et al., 1988; Hramiak et al., 1997; Jacobs et al., 2007) . Kwan et al. (1998) observed an increase in the C282Y mutation frequency in patients with DM2. Moczulski et al. (2001) confi rmed the previous data and also observed that dia- Moczulski et al. (2001) confi rmed the previous data and also observed that dia-(2001) confirmed the previous data and also observed that diabetics carrying the H63D mutation had a greater possibility to develop diabetic nephropathy. However, Fernandes-Real et al. (1999) observed an increased frequency only for the H63D mutation in diabetic patients when compared to the control group, while other studies did not find any association between the presence of the two mutations and the development of diabetes (Braun et al., 1998; Dubois-Laforgue, 1998; Frayling et al., 1998; Florkowski et al., 1999; Halsall et al., 2003; Genuth et al., 2003) .
Therefore, the studies that have evaluated the association between the C282Y and H63D mutations in the HFE gene and diabetes are not conclusive. The present study aimed to investigate whether these mutations are associated with increased risk for the development of DM2 in women in Brazil, since no previous studies have been conducted to date in an attempt to resolve this question in the Brazilian population.
MATERIAL AND METHODS

Individuals
In this study, 72 women were evaluated; they had an average age of 57.1 ± 8.3 years. All the participants of this group showed blood glucose levels equal to or greater than 126 mg/dL, with clinical diagnosis of DM2 and were under treatment with hypoglycemic agents. Women with DM2 caused by medicines, anemia, chronic kidney failure or inflammatory diseases, and smokers and alcohol users were excluded from this study (Oberley, 1988) .
As part of this study, a control group composed of 72 women with an average age of 53.6 ± 6.7 years and with no clinical history of diabetes was also studied. This study was approved by the Committee of Ethics in Research of the Federal University of Minas Gerais (COEP-UFMG). All participants signed an informed consent form to participate in this study. 
Molecular analysis
Peripheral blood was collected in EDTA using the Vacuette system ® (Geiner BioOne). DNA was extracted using the Wizard Genomic DNA Purificaton Kit ® (Promega). The C282Y mutation was detected with the following oligonucleotides: forward -5'TGGCAAGGGTAAACAGATCC3', reverse -5'CTCAGGCACTCCTCTCAACC-3'. The H63D mutation was detected with the following sequences: sense -5'ACATGGTTAAGGCCTGTTGC3', anti-sense -5'GCCACATCTGGCTTGAAATT3'. Segments of the HFE gene were amplified separately by polymerase chain reaction (PCR), in a final volume of 20 μL containing: 0.5 μL DNA, 0.8 μL of each primer (10 pmol/μL), 0.25 μL Taq DNA polymerase (Phoneutria ® ), 1.5 μL dNTPs (Invitrogen ® ) and 2.0 μL 10X buffer (Phoneutria ® ). After an initial denaturation at 96°C for 2 min, the amplification was carried out in 40 cycles: denaturation at 96°C for 30 s, annealing at 56°C for 1 min, and extension at 72°C for 1 min, followed by a final extension for 10 min at 72°C.
The PCR products were submitted to enzymatic digestion with 1 U restriction enzymes RsaI and BclI for detection of the C282Y and H63D mutations, respectively. In the absence of the C282Y mutation, RsaI cleaves PCR products into fragments of 247 and 140 bp, while the presence of this mutation in homozygosity results in fragments of 247, 111, and 29 bp. For the H63D mutation, the presence of this mutation in the homozygous form results in only one fragment of 208 bp, whereas in the absence of the mutation fragments of 138 and 70 bp are produced. The fragments were visualized on a 6% polyacrylamide gel, stained with silver nitrate.
Statistical analysis
The association between the presence of the C282Y and H63D mutations and DM2 was evaluated using the Fisher test or the chi-square test, using the Stat Sigma version 1.0 and Genepop softwares (http://genepop.curtin.edu.au/) (Rousset and Raymond, 1995) . Significant differences were considered for values of P < 0.05.
RESULTS
The allele frequencies detected for the C282Y and H63D mutations followed the HardyWeinberg equilibrium in the patient and control groups (P = 1 for C282Y; P = 0.57 for H63D).
For C282Y, the frequency of the wild allele (C) was 0.979 in the patient group and 0.986 in the control group. For the mutant allele (Y), the frequency was 0.021 in the patient group and 0.014 in the control group. The wild allele (H) for the H63D mutation showed in the patient and control groups frequencies of 0.889 and 0.882, respectively, while the frequencies of the mutant allele (D) were 0.111 and 0.118 for the same groups studied.
With regard to genotype frequency, three patients had the C282Y mutation in the heterozygous form while 14 had the H63D mutation in heterozygosity and only one had this mutation in homozygosity. These frequencies were similar to the ones found in the control group, since two women had the C282Y mutation in the heterozygous form, 13 had the H63D mutation in heterozygosity and 2 in homozygosity. None of the participants were double heterozygous (CY/HD) ( Table 1 ).
Comparing the mutation frequencies between the groups studied, significant differences were not observed, either for C282Y (P = 1; OR = 0.657; CI = 0.127-3.406) or H63D (P = 1; OR = 1; CI = 0.452-2.211) between diabetic and non-diabetic women.
DISCUSSION
It has been hypothesized that iron accumulation due to HFE mutations could be associated with the development of DM2 (Kwan et al., 1998; Fernandez-Real et al., 1999; Moczulski et al., 2001) . Beyond directly affecting the release of insulin in the pancreas, iron overload can increase the oxidation of free fatty acids, which diminishes glucose use in muscles and increases gluconeogenesis in the liver, leading to insulin resistance (Felber et al., 1987; Anonymous, 2006) . A study conducted by Niederau et al. (1984) in patients with non-cirrhotic diagnosis of HH demonstrated that the accumulation of iron in the body leads to the development of insulin resistance. Considering that resistance to insulin is a common finding in DM2, we decided to investigate whether the frequency of the two mutations is increased in patients with no suspicion of HH, but previously diagnosed with DM2. In other words, our main interest was to search a possible direct association between the presence of such mutations and DM2 rather than mutations favoring HH and consequently DM2.
To test this hypothesis in individuals of the Brazilian population, women diagnosed with DM2 were selected, and the frequency of the C282Y and H63D mutations in the HFE gene in this group was compared with a control group composed of women without the disease. It is known that clinical manifestation of HH varies according to gender (Pietrangelo, 2004; Scotet et al., 2005) . Therefore, only women were selected to compose the groups studied. Moreover, due to the fact that expression of HH is frequently delayed in females as a consequence of physiological blood loss during menstruation, only women older than 40 years were included in our study, where the majority of them were in the menopause period, when the accumulation of iron becomes more evident as a consequence of HFE gene mutations. It is noteworthy that the inclusion criterium in the control group was defined on the basis of individual self-report of the absence of DM2 diagnosis, as in the protocol described by Sampson et al. (2000) . Biochemical data were not used as exclusion criteria in this group, so the presence of DM2 might have been under-estimated. The homozygous frequencies for the C282Y mutation in both the control group and diabetic group (0%) were smaller than the frequencies observed in Caucasian (0.44%), Hispanic (0.027%) and Black (0.014%) populations (Sampson et al., 2000) . For the H63D mutation, the number of homozygous and heterozygous individuals in the two groups studied (Table 1) was also smaller compared to the one reported in Brazilians with clinical suspicion of HH (Ferreira et al., 2008) . No significant association could be demonstrated between the presence of the C282Y and H63D mutations and the development of DM2 in Brazilian women, in contrast to the results of other studies (Nelson et al., 1995; Kwan et al., 1998) . These studies, for the majority, were conducted in more genetically homogeneous populations, compared to the Brazilian population in which there has been a great deal of miscegenation and shows a lower frequency of mutations in the HFE gene. Thus, gene-disease association studies suffer important variations that depend on the population make-up.
The results obtained in the present study suggest that the C282Y and H63D mutations in the HFE gene are not significant risk factors for the development of DM2 in Brazilian women. Although these findings do not support the hypothesis that mutations in the HFE gene are relevant for DM2 development in Brazilian women, we cannot discard their possible implication in insulin deficiency, since this clinical condition was not evaluated as criteria for the diagnosis of diabetes among the participants. Nonetheless, it could be recommended that if these mutations are present, for instance in first-degree relatives of HH patients, a study regarding insulin deficiency should always be performed in order to evaluate the development of DM2.
